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'MILITARY CURRICULUM MATERIALS

The military- developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either omitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.
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Military
Curriculum Materials What Materials
Dissemination Is . . . Are Available?
"Lau..L....--..---...loo.:.....i...ja.....j L.I.:-.*.:*'';-,11.-A.P----,,,--;" 'ilt+..;:........1:11iiiiramarial.irarA...1 " TT 7:2

an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators.

This.project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form jrom the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is
provided through a "Joint Memorandum of
Understanding" between the U.S. Office pf
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matte. specialists, and courses

(deemed applicable to vocational and tech
nical education are selected for dissemination.

'he. National Center for Research in
Vocational Education is the U.S. Office of
Education's designated representative to
acquire the materials and conduct the project
activities.

Project Staff:

Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Protect Director

4

One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi
nation...,

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbook; and technical
manuals.

o

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture
Aviation
Building &

Construction
Trades

Clerical
Occupations

Communications
Drafting
Electronics
Engine Mechanics

Food Service
Hea Ith
Heating & Air
Conditioning

Machine Shop
Management &

Supervision
Meteorology &

Navigation
Photography
Public Service

The number of courses and the subject areas
represented will expand as additional mate
rials with application to vocational and
technical education are identified and selected
for dissemination.

1

How Can These
Materials Be Obtained?

L.L.::...L.........1

Contact the Curriculum Coordination Cepter
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency
closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass
Director
100 North First Street
Springfield, I L 62777
217/782-0759

MIDWEST
Robert Patton
Director
1515 West Sixth Ave.
Stillwater, OK 74704
405/377-2000

NORTHEAST
Joseph F, Kelly, Ph.D.
Director
225 West State Street
Trenton, NJ 08625
609/292.6562

NORTHWEST
William Daniels
Director
Building 17
Airdustrial Park
Olympia, WA 98504
206/753-0879

SOUTHEAST
James F. Shill, PhD.
Director
Mississippi State University
Drawer OX

Mississippi State, MS 39762
601/325-2510

. WESTERN
Lawrence F. H. Zane, Ph.D.
Director
1776 University Ave.,,
Honolulu, HI 96822
808/948.7834
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The National Center for Research in Ei 'A
Vocational Education's mission is to increase St
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the ability of diverse agencies, institutions, ;,,-. r-

3
and organizations to solve educational prob. E t=1

et f I g
lems relating to individual career planning, IT 3-
preparation, and progression. The National . -4
Center fulfills its missioryby: ii 2

)

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program,needs
and outcomes

Installing educational programs and
products

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials

WRITE OR CALL
Program Information Office
The National Center for Research in Vocational

Education
The Ohio State University
1960 Kenny Road, Columbus, Ohio 43210

6 Telephone: 614/486-3655 or Toll Free 800/
848.4815 within the continental U.S.
(except Ohio)
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Overview Twenty Five

OVERVIEW
BASIC ELECTRICITY AND ELECTRONICS

MODULE TWENTY FIVE

Special Devices

In most electronic systemsethere is a need for some sort of controlling
or switching action. It may be necessary to modify the incoming signal
so that it may be processed for the desired output. An example would '-

be FM Multiplexing in a radio.. In earlier electronics the-controlling/
switching action was performed by mechanical relays and rheostats. In

today's high speed computers, however; a mechanlical relay is often too
slow to meet equipment requirements, and rheostats consume too much
power. Therefore, instead of relays and rheostats, special, devices are
used. They are actually "electronic relays/rheostats" or categorically,
"electronic switches".

In this module you will study two types:
(SCR's) and Unijunction Transistors (U.11"

Yo'il will see as you study the two devices
classed as controlling or switch devices,
operating characteristics.

Silicon. Controlled Rectifiers
s).

that, though they are both
they have distinctly different

This module has been divided into two lessons:

Lesson I

Lesson II

N

Silicon Controlled Rectifier Theory
Unijunction Transistor Theory

2
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Overview

OVERVIEW
LESSON 1it 1,

Silicon Control Rettifier Theory

Twenty Five-1

In this lesson, you will study and learn about Silicon Controlled
Rectifiers (SCR) You will be able to identify them schematically,
as well as, learnthe conditions necessary to start and stop their
conduction. In addition, you will be able to identify physically,
schematically and functionally SCR circuits.

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

25.1.47 When the student completes this course, he will be able to
TROUBLESHOOT faulty UJT /SCR circuits, given a training de-
vide, prefaulted UJT /SCR circuit cards, and proper tools.
Repair to be done on a practice board with similar compo-
nents.' Repaired board to pass Learning Supervisor's- visual
andphysical inspection for quality. Replaced compolient

tested for damage incurred during installation.

ENABLING OBJECTI.VE(S):

When the student completes this lesson, he will be able to:

25.1.47.1 IDENTIFY by selecting, the names of the three leads of an
SCR, given an unlabelled diagram of an SCR 'and a list of
names. 100% accuracy is required.

25.1.47.2 IDENTIFY the conditions necessary to make an SCR start
conducting by selecting the correct statement from a
choice of four. 100% accuracy is required:

IDENTIFY. the conditions necessary to maintain an SCR in
conduction by selecting the correct answer from a choice.
of four. 100% accuracy Ls required,

IDENTIFY the conditions necessary to stop conduction of an
SCR by,selecting.the correct answer from a cholce of four.
1.00% accuracy is required.

25.1.47.3

I
25.1.47.4

la

.0



OvervigI

OVERVIEW

Twenty Five-1

25.1.47.5 ,OBSERVE and RECORD waveforms from an SCR AC control circuit,
given a training device or circuit and the proper tools,
an oscilloscope, a job program, and schematic diagrams or
technical manuals. Recorded data must be withinlimits shown
in the job program.

25.1.47.6 OBSERVE and RECORD waveforms from an SCR DC control circuit
given a training device or circuit and the proper tools, an
oscilloscope, a job program, and schematic diagram or tech-
nical manuals. Recorded data must be within limits shown on
the job program.

7,

IEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.' 4
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Study Resources Twenty Five -1

LIST OF STUDY RESOURCES
LESSON 1

Silicon Control Rectifier Theory

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the following
study resources:

Written Lesson presentation in:

Module Booklet:

Summary
Programmed Instruction
Narrative

Student's Guide:

Job Program Twenty Five-1-1 "Silicon Controlled Rectifier DC Control"
Job Program Twenty Five-1-2 "Silicon Controlled Rectifier AC Control"
Progress Check

Additional Material(s):

Audio/Visual Program Twenty Five-1 "Introduction to Silicon Controlled
Rettifiers"

Enrichment Material(s):

Basic Electronics Vol. 1, NAVPERS 10087 -C

GE SCR Manual

YOU MAY USE ANY OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED AREiNOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY
TIME.

6 13 I



Summary Twenty Five-I

SUMMARY
LESSON I

Silicon Controlled Rectifier Theory

4.1

The Silicon Xontrolled Rectifier is a solid state device used in motor
controllers, switching circuits and power supply circuits. Its advantages
include the following:

O

It is quiet in operation.
Vibation and shock do not affect it.
Most important, you can control a large amount of voltage and
current with a small controlling voltage.

We can see froni the schematic symbol shown below that the SCR has 3 'eads.

CATHODE

GATE

The anode and cathode
previously. The gate

Like a diode, the SCR
the cathode, positive

ANODE

Figure i 4

leads are the same as the diode you
lead is added to control conduction

must be forward biased to conduct -
on the anode.

have studied
of the SCR.

7 negative on

Figure 2

Unlike adiode, the SCR must have a positive signal on the gate lead
(usually 4.1 to +1 v) while it is forward biased or it will not conduct.

14



Summary

CURRENT FLOW

(4)

( +)

Figure 3

Twenty Five-1

In Figure 3, the conditions for conduction are met. Current flows from
cathode to anode. If we remove the gate signal, the SCR will remain in
conduction; however, if we remove forward bias, the SCR will cut off.
(Stop conducting.)11. 111111.

() (+) H (+) ( )

(+) (Ov (ov

SCR Conducting SCR Conducting
Figure 4

If we reverse bias. the SCR, then it will not conduct even if we apply a
positive gate signal.

SCR Cut Off

( ) I ( +)
(+1

SCR Cut Off
Figure 5

Using this information let's look at an SCR with a DC voltage applied.

OUT

GATE

Figure 6

The output waveform will be taken across RL.

+300 VAC



Summary Twenty Five -!

This SCR needs +.1v on the gate to conduct.

Figure 7

At TO there is no output although forward bias is applied. When the gate
voltage is applied at Ti the SCR conducts and we will see the +300v across
R
L

. Even though we remove the gate voltage at T2 the SCR remains in con-

duction as long,,ps forward bias is applied. If we remove the forward bias
then the SCR will stop conducting.

Let's examine an SCR with AC applied to the anode and a DC voltage applied
to the gate.

...MP ..../M ..

1
t

1 t

+ 115 VAC

1= IM-1, my. M

1 1
1 1 1

1 j...,

4-.1v.m..1
OM

INPUT

=GATE
1 i

-- -4-r-
IN .

I
i

I

1 j
I

1

1

1r - p I

Ti T2 T2 T4 TS

Figure 8

OUTPUT



Summary Twenty Five-I

As you can see, the SCR will conduct only when it is forward biased and
has the proper gate signal. With AC applied to the input and to the gate
we can choose a variety of waveforms by varying the gate signal.

OUT
+115 VAC

115VAC -

=fp g.a...

.1 VAC -

. --
115VAC- -

GATE

=fp a.

1

7 1 -GATE..

1

1

OUTPUT

T1 T2 T3 T4

1

. ........
=bra am. 01

INPUT

'Figure 9

Notice that the SCR conducts only when the proper gate signal coincides
with the proper forward bias. By timing the gate signal we can make the
SCR pass the entire positive portion of the waveform or only a part of it.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK.. IF YOU
ANSWER ALL SELF-JEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS-,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPrROPRIATE PAGES; .

PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF .

APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

10
1
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P.I. Twenty Five-I

PROGRAMMED INSTRUCTION
LESSON I

Silicon Controlled Rectifier Theory

TEST FRAMES ARE 4, 8, AND 13. AS BEFORE, GO TO TEST FRAME 4 AND SEE IF
YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN
AFTER THE TEST FRAME.

1. The-Sil-iconComIxnJled Rectifier - more commonly called an SCR -
is a compact and quiet solid state device. SCR's come in a wide range
of sizes, operating characteristics and applications.

4

ur.d1.1

Figure 1

110

A 1111....._

of

They can be used in electronic switching circuits, power supply circuits
and motor speed control circuits. When properly chosen and protected
with cooling fins and heat sinks, the SCR can efficiently control a very
large amount of power. The SCR, like the diode, is not effected by
vibration.

The SCR is very similar to the diode rectifier we covered in previous
lessons. A diode, asi-you recall, has an anode and cathode. The SCR
has an anode and cathode with the'addition of a third lead called a
"ale. In the SCR schematic, the .gate leadis attached to the cathode
oUthe SCR.

t



P.1. Twenty Five-1'

The schematic symbol for an 5CR is illustrated below. Label the leads of
the 5CR.

1. Cathode, 2. Anode, 3. Gate

2. Another similarity that exists between the diode and the 5CR is that
they both must be forward biased in order to Conduct. Also current flows
against the arrow in both devices.

Which of the following shows the correct schematic symbol for a forward
biased SCR?

C.
( +)

(-4

c.

1
lz



P. I . Twenty Five-I

3. Now that we've looked at the similarities between the diode and the
SCR, let's take a look at what makes them operate. The key to under-
standing the SCR is in knowing how the gate controls the operation of
the SCR.

-Figure 2

Unlike the diode, an SCR will not conduct with just forward bias across
it. The SCR must have a positive voltage applied to the gate at the
time it is forward biased in order for it to conduct. With no voltage
on the gate lead the SCR is essentially An open circuit and will not
pass any'current.

Figure 3 shows essentially what occurs electronically to a forward biased
SCR with:

(1) no voltage applied to the gate, and
(2) a positive voltage applied to the gate.

1. NO CURRENT
(OPEN SWITCH)

APPLIED

"SCR OFF"
NO CURRENT FLOW

2. MAXIMUM CURRENT
FLOW

( +)

GATE

Figure 3

POSITIVE VOLTAGE
APPLIED

"SCR ON"
CURRENT FLOW.111111



P.1. Twenty Five-1

Notice that with no voltage applied to the gate of the SCR, it acts like
an open switch even though it is forward biased. When we apply the
positive Voltage to the forward biased SCR, there is current flow against
the arrow and the SCR acts like a closed switch.

Current flow in an SCR is:

A.

CURRENT FLOW

B.

CURRENT FLOW

D.

d.

2/
i



P.1. Twenty Five-1

4. TEST FRAME

a. Label the leads of the SCR in the blanks provided.
b. Determine the polarity (with respect to lead 1) of the voltage
that must be applied to each lead to cause the SCR to conduct.
c.\ ShoW the direction of current flow.

A. B. C.

(I) ( )

(2) ( )
or

(3) ( )

(THIS IS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS..
GIVEN AT THE TOP OF THE NEXT PAGE.)

15
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P.I. Twenty Fives-1

A. (1) Cathode B. ( )

(2) Gate ( + ) C.

(3) Anode ('+ ) 2

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST FRAME 8.
OTHERWISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 4 AGAIN.

5. The gate works like .a "turn on" switch during the time that the SCR
is forward biased. Once the SCR is in conduction, the gate no longer
has any control. In other words the gate can't turn the SCR "off". The
only ways to stop the SCR conduction are to :'

1. Remove the forward bias or
2. Reverse bias the SCR.

Therefore, as. long as a conducting SCR is forward biased, it will remain
in conduction. We can remove the gate signal completely without affect-
ing current flow through the SCR.

In the following schematic, the SCR is conducting. Which of the following
is required to cause t'he SCR to stop conducting?

a. Remove the gate signal.
b. Reverse bias the SCR.
c. Remove. the forward bias from the SCR.
d. Either b or C.

d. Either b or c.

23
16'
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P.I.
. Twenty Five-1

6. Depending on the circuit application we can apply either a GC level
or an AC signal to the gate of an SCR. In FigUre 4, a DC level of +.4
volts is required for the gate to turn the SCR on. Other types of SCRs
may require different voltage levels on the gate to turn them "on".
Most of the SCRs you will see will have from +.1 volts to +1 volts applied
to the gate for a turn on voltage.

INPUT

GATE
OUTPUT

Figure 4

iov
INPUT

1ov.1_ _

o.av

ov- _

TO T1

$

Figure 5

011, qm. =Ma

OUTPUT

Figure 5 illustrates the waveforms of an SCR with DC applied to the gate
and with a DC input voltage. Notice that at TO the SCR is forward biased
but there is no output at TO. Which of the following explains why the
SCR is not in conduction?

a. Insufficient forward bias..
b. Insufficient DC on the gate.
c. The SCR is Reverse Biased.
d. Too, much DC on the gate.

r
17

24
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P.1. Twenty Five-1

Insufficient DC on the gate.
..m11mm

I

I

i

I

OV-
I

0.8V 1
0.4V---I

OV 8
_

..,M=

10V~ i--
1

1

OV-
1

I I

TO T1

T

[..

--.
INPUT -

Twenty

NPUT ,

----GATE

1

I
OUTPUT

I

I I

T2 T3

Figure 6

7. Refer to Figure 6. At time T1 a 6c signal in excess of +.4 volts is
appliedeto the gate. The SCR now conducts and we get an output. At time
T2 we remove the DC on the gate. Why does the SCR remain in conduction?

The gate cannot turn off the SCR.

4,

. 25

18

,..,..
-",

0



i

P.1.

e

8. TEST FRAME

Twenty Five-1

If the SCR in the follOWing Illustration requires +.4v on the gate to
turn it on, at which time will the SCR (1.) turn "oh"? (2.)°turn "off"?

- -

+10V: '
1

C. , I
I

I
I

Ov-

+ 0.6v

+0.4v

0

1
1

I I
I

I 1 I

. 1 I I. I

I I t

--1-:---l- -I- - -- -

I- ;

--1----1---1--
I 1 I

I -I- - -
1

I

TO T1

a. 1. Turn .0n.

b. 1. Turn "on"
c. 1. Turn "on"
d. 1. TUrn "on"

_,-
I

T2 T3 T4

at TO.
it T3
at T5
at T5

T5

2. Turn
2. ,Turn

2. Turn
2. Turn

i
T6 T7

INPUT

--GATE

"off" at Tl
"off" at-T7
"off" at T7
"off" at T6

.

.(THIS ISA TEST FRAME, COMPARE YOUR ANSWER WITH THEXORRECT ANSWER
- GIVEN AT,THE TOP OF THE NEXT PAGE.)

: 1

./0

1

.

4.

19 26
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P.I. Twenty Five -I

c. 1. Turn "on" at T5 2. Turn "off" at T7

IF YOUR AN!+,!-: MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 13.
OTHERWISE GO BACK TO FRAME 5 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 8 AGAIN.

9. Now let's'aPply'a DC signal to the gate as an AC signal is applied
across the anode to cathode of the SCR. The waveforms are illustrated'
in Figure 7.

Om. =Mb

0.8V- -1

0.4V--

+10V--- -1-
1

1

ov--
I

_
i

I
t 1 I

1
1

1 1 .
_iov___ _:._ __ I__ - Ir. ___[___:___ II_ _ _I-

TO T1 T2 T3 T4 T5 Te

mINIEr :MEP .111

-- INPUT

=1.1

-I- - - --GATE
1 I "

Illo .1
I

:1

Figure 7

- OUTPUT
I

.11. Am.

Figure 7 shows that, even. though the SCR,has)been forward biased by
the AC signal from TO to Ti, there is no conduction. This is due to
the fact that there is no positive signal applied to the gate. At Ti
the gate voltage is'applied at a sufficient level to cause conduction.

The, SCR still does not conduct because it is reverse biased. T2 arrives
and'we have.the right combination for conduction:

1. A gate signal of sufficJeft level.
2. Forward bless from abode to cathode.

27
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P.I. Twenty FiveI

Which of the following statements describes what occurs at T3?

a. The output decreases due to lack of forward bias. .

b. The output decreases due to loss of gate signal.
c. The output increases due to the signal on the gate.
d. The output increases due to loss of signal on the gate.

a. The output decreases due to lack of forward bias.

0.8V
1

0.4V-- 17. _ - :GATE

+10V - - -- _,_-
t 1 .

1
1

OV--- - -1
I

1

1

1

-OUTPUT
I

1 I

I. I 1 A
I1

I.

-10y----;---1---Ir -4- I_ 1_ _i_
. 1

TO T1 T2 T3 T4 T5 T6

Figure, B

21 28
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P.1. Twenty Five-1

ID. At T4 in Figure 8, the SCR starts conducting and removal of the gate
signal between .T4 and T5 has no effect on its operation. Select the
statement which:

1. Describes the conditions necessary to turn the SCR "on".
2. Describes the conditions necessary to turn the SCR "off".

a. (1) Forward bias and sufficient negative signal on the gate.
(2) Reverse bias/or remove forward bias.

b. (1) Forward bias and sufficient positive signal on the gate.
(2) Remove the gate signal.

c. (1) Forward bias and sufficient negative signal on the gate.
(2) Reverse bias/or remove forward bias.

d. (I) Forward bias and a sufficient positive signal on the gate.
(2) Reverse bias/or remove forward bias.

d. (1) Forward bias and a suffi'cent positive signal on the gate.
(2) Reverse bias/or remove forward bias.

11. So far in our study of SCR's we have used a DC signal on the gate.
In these circuits the output waveform has stayed the same'as the input
signal when the SCR was conducting, and the input signal has been blocked
when the'SCR was not conducting. Now, we'll see that by using an AC sig-
nal as gate and 'also as input signals, control of the SCR becomes smoother.
We can pass as little or as much of Ahe positive portion of the AC cycle
as we want.
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Note: The gate waveform is expanded in amplitude with respect to the
input and output waveforms.

Figure 9

Looking at Figure 9, let's assume that the SCR used for these waveforms
requires a +.4 volt signal on the gate to enable the forward biased SCR
to conduct. Notice that the SCR still operates in. the same manner but
our output waveform is different.

Although the SCR is forward biased at TO, the AC gate signal does not
'each +.4v until T2. At this time the gate signal is of sufficient
amplitude to cause the forward biased SCR to conduct. Even though the
gate voltage immediately drops below .4 volts, the SCR continues to con-
duct until the forward bias is removed at Tit. This action is repeated
again at T10.

23
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Twenty Five-1

How does the power output of the SCR device in Figure 9 compare with 'the
power output of the same device with a continuous +.4 volt DC signal
applied to the gate?

a. The power is the same iii both cases.
b. The power output in Figure 9 is less.
c. The power output in Figure 9 is greater.

b.. The power output in Figure 9 is
Note:. The device with the +.4 volt
pass the entire positive portion of
in Figure 9 passes only about half

less.

DC signal applied to the gate will
the inputcycle whereas the device

of the positive input alternation.

12. Now jet's take the same SCR and apply a +0.6 volt AC signal to
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-iov-i- --r- -1-- -1- -I-

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
Figure 10
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P.I. Twenty Five-1

Note: The gate waveform is expanded in amplitude with respect to the
input and output waveforms.

It can be seen that the gate signal now rises to the +.4 volt level at
time T1. This allows more of the positive portion of the input cycle to
be passed through the device which, in turn, increases the power output.

If we increased the AC gate signal to an even greater amplitude -- say
one volt for example -- the SCR would conduct almost as soon as it was
forward biased and all of the positive portion of the AC cycle would be
passed. We have developed a method of controlling the exact amount of
power we allow through the SCR device.

What is the minimum AC gate voltage in Figure 10 that will cause the SCR
to conduct?

a. +0.6v
b. -0.4v
c. +0.4v
d. -0.6v

c. +0.4v

13. 'TEST FRAME

How do we vary the amount of positive AC signal passed by a forward biased
SCR?

a. Vary the signal on the cathode.
b. Vary the signal on the gate.
c. Vary the signal on the anode.
d. Vary the forward bias.

(THIS IS A-TEST FRAME. 'COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN
AT THE TOP OF"THE NEXT PAGE.)

.._

--
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b. Vary the signal on the gate.

IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU HAVE COMPLETED THE PRO-
GRAMMED INSTRUCTION FOR LESSON I, MODULE TWENTY FIVE. OTHERWISE GO BACK
TO FRAME 9 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 13
MAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY HE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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Narrative Twenty Five-I

NARRATIVE
LESSON I

Silicon Controlled Rectifier Theory

the silicon controlled rectifier, commonly called an SCR, is a compact
and quiet solid state device. Its operation is unaffected by vibration
and shock. When properly chosen and protected with heat sinks and
cooling fins, the SCR can efficiently control a very large amount of
power.

SCR's come in a wide range of sizes, operating characteristics and
circuit applications. When used properly they should have virtually
unlimited operating life.

4. Jr

,,4111111k

'.roe,

Figure 1
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Narrative Twenty Five-I

An SCR can be compared to a diode rectifier. Recall that a diode has
two leads; an anode and a cathode. It must be forward biased in order
to conduct or reverse biased to be cut-off.

CATHODE AN

FORWARD BIAS

CURRENT FLOW

4:---/11111=- REVERSE BIAS

NO CURRENT FLOW

Figure 2

An SCR has the same two leads, anode and cathode, with an additional
lead called a gate. Figure 3, shows the schematic symbol of an SCR
device.

CURRENT FLOW

( -)

CATHODE
( +)
GATE

1V

Figure 3

(+)
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The operation of an SCR is similar to that of a diode. The SCR must be
forward biased in order to allow current flow through the device.' But

the SCR differs from a diode rectifier in that the SCR not only requires
forward-bias but also requires a positive signal on its gate for con-
duction (as shown in Figure 4). Like the diode, once the device is
forward biased and conducting the only way to cut it off is to remove
or reverse the cathode to anode bias.

+

REVERSE BIASED
NO CURRENT FLOW

CURRENT FLOW

FORWARD IASED FORWARD BIASED
NO GATE IGNAL POSITIVE GATE SIGNAL
NO CURR NT FLOW CURRENT FLOWS

Figure 4

The gate works like a "turn on" sw tch during the time that the SCR is
forward biased. Once the SCR star s conducting, the gate no longer has
any control. In other words the g to can not turn the SCR "off". The
only ways to stop conduction of t e SCR-Tturn it ofTrare.to:

(1) eemove the forward bias, r

(2) reverse bias the SCR.

Therefore, the SCR will remain in
\
coriduetion even after the gate signal

is removed, but only a$ long as forwar4 bias is applied. This action is
shown in Figure 5.

INPI.M._ 1 1 I 1---.-- 1 I..... .., ..... ..,,.

/ , INPUT
GATE' OUTPUT

coi
-1

1-..

AY

,:- : - - - I--
CAr GATE

i I I i

OY --
1

I-- OUTPUT
, 1 1

.1` TO 11 T2 T3

Figure 5
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An SCR requires (forward/reverse) bias and a (positive/negative) gate
signal to enable it to conduct.

forward;_positive

Which of the following is required to cause an SCR to stop conducting:
0

a. simultaneous removal of the gate signal and continued forward
bias application.
b. removal of the gate signal.
c. reverse bias the SCR.
d. either b or c

c. reverse bias the SCR (removing the forward bias -is also sufficient
to cause the SCR to stop conducting).

31
30
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Narrative Twenty Five-I

We can apply either a DC level or an AC signal to the gate -of -an SCR.
If we apply a DC level to the gate: the waveforms will look like those
illustrated in Figure 5. You will notice that Figure 6 is identical
to Figure 5 except that voltage levels are indicated. This particular
SCR requires a +.4 volt level on the gate to turn the SCR on. Other
types of SCR's may requrre different voltage levels on their gates,
but the voltage is usually fixed somewhere between +.1V and +1V.

..

1

!
1

i
1

I

. li
I INPUT
I

0.0.....-1.... _ _ .... WRO . .m. 4, No _Gat
OV-

10V_- --
1

I

i

I

TO
i

T1

I

1 -[- OUTPUT
. I

11. ..mmq. .

I i

T2 T3

Figure 6 4

Notice that the SCR is forward biased from time TO until T1, but with
no signal on its_gate, it won't conduct. At time T1 a DC signal in
excess of +.4 volts is applied to the gate. The SCR now conducts and
we get an output. At time T2 we remove the DC level on the gate. The
SCR remains in donductionl This illustrates that once the SCR is turned
on, the gate no longer has any control over conduction of the SCR. The
gate signal can't turn it, off! We turned it off at time T3 by removing
the forward bra.

1
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Now let's use an AC signal.

0.8V --1

0.4V-- 1--- --1-- -- r --- 1 1 . 1 --GATE
OV

i

_1_ I 1_-- ,
I

+10V s

I.

TO T1 T2 T3 T4 TS TO

figure

0 V

. .11M gms.

mla

OUTPUT

Referring to Figure 7; although the SCR has been forward biased from TO to
Tl, it did not conduct. This is because no gatesignal.was applied. Now,

at Tl a gate signal of sufficient level is applied but at the same time
the SCR has no forward bias. So - it still doesn't candudt. But wait
-- T2 arrives and we have both a gate and signal of sufficient level and
forward bias. The SCR now conducts! T3 rolls around and what happens?
The SCR cuts off and there is no output: Why?

Although the gate signal is still applied the forward bias is removed
(or words to that effect);

Now, at T4 the SCR becomes forward biased once again - and the-gate
signal is still present. The SCR conducts. But look - between T4 and
T5 the 'ate signalis removed. Do we still have-an output?. We cer-
.tainly do! Why? .

. r
Mgr "
39
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Once the SCR starts conducting removal of the gate signal is not
sufficient cause tb cut it off. Only removal of forward bias - or
application of reverse bias - can turn it off. (or words to..that

effect.)

Now, that wasn't so difficult, was it? So far we've seen a DC levet ai
both the gate signal and the input signal: and we've just looked at a
situation where the gate signal was DC and the input was AC.Aat's now
see-what happens when we use AC as both gate and input signal. For this
example let's also assume we're using an SCR which requires a minimum
+.4 volts on the gate to enable the SCR to conduct. '(Remember - it must
also be fdrward biased.)
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I
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1 r i 1
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t 1

1
1 1

1

I. 1 1 I 1 I 1

I 1
1 1 I 1

1 1

CAI -1- - ,
1 I ' I 1

NPUT

1 .1 I I I I. i
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1 1 1 1 I 1 1 I 1

I

-1011-1----1---;:7-1---1---j-----7e rH-;---1---,
TO T1 T2 T3 T4 T5 T8 T7

1

T8 T9 TIO T11 T12

1

OUTPUT
1

I I

Figure 8

Looking Fifure 8 we see an output signal of yet another wave shape.
The same basic SCR concept applies. It must be forward biased and the
gate signal' must be of sufficient level to enable the SCR to conduct, -
In this'case, as the.gate signal peaks at 12 and again at TlO it is of
a sufficient level, +.4 volt,to cause the forward biased SCR to conduct.
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Now let's take the same SCR and apply an AC gate signal with a peak
amplitude of +.6 volts. First we will expand our time chart and
examine what is happening en the gate.
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I I s 1 I N% I I 1

Ii

I I a 1 1 1 , 1 1- 0.4v-I-- -1 -7- T 1 -30..tror- - - r'--T--;
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1 I I * I I 1 I I''' 0.811T " -

i I I I
I

I i i SCR CONDUCTION LEVEL TIME FOR "A"
-7._ri -._.1.__ 10.

TO T1 T2. 14 14 TS To 7 8 T9 T
.

Figure 9

Look at waveform "A" first. It is the same waveform we applied to the
'gate of the SCR in Figure 8., It's of low amplitude peakingiat +.4 volts,
the level sufficient to cause the forward biasred SCR to-conduct. It

reaches this level at T2.' Now, look at waveform "B",,our.new input sig-
nal on the gate. it's of a much greater amplitude. It also peaks at T2
- but - it reaches +.4 volts at 11, much earlier than did,waveform "A".
Thirefore, the forward biased SCR is able td conduct much earlier,
allowing more of 'the input to pass through the device tothe.output as
shown in Figure 10.
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Figure 10

This increase in output power can readily be seen by comparing the
output waveform in Figure 10 to the output waveform in Figure 8.

Silicon Controlled Rectifiers have many applications. Depending on

your rating you will see certain of these applications. They are

used in motor speed control circuits, electronic switching circuits
and power supply rectifiers, among others.
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.1 1 1

I 1 1

I A
I _i_ 1 _, ___

10V7r 1 j 1 o 1
i 1 1 I 1 t
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

.
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OVERVIEW
LESSON II

Unijunction Transistor Theory

In this lesson, you will study and learn about Unijunction Transistors

(UJT). You will be able to identif7 them physically and scheMatically.
You will also be able to identify the necessary voltage, current and

'resistance relationships present in a Unijunction Transistor.

%

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

25.2.47 When the student completes this course, he will be able to
TROUBLESHOOT faulty UJT/SCR circuits, given a training de-
vice, prefaulted UJT/SCR circuit cards, and proper tools.
Repair to be done on a practice board with similar compo-
nents. Repaired board to pass Learning Supervisor!s visual
and physical inspection for quality. Replaced compohent..to

be tested for damage incurred during installation.

ENABLING OBJECTIVE(S):

When the student completes this lesson, he will be able to

25.2.47.7 IOENT1FY by matching, the names of the three leads of a UJT
given an unlabelled diagram of a UJT and a list of names.
100% accuracy is required.

25.2.47.8 IDENTIFY the conditions necessary to make a UJT conduct
by selecting the correct statemen of conditions from a
choice of.four. 100% accuracy is required.

25.2.47.9 DEFINE the term "voltage gradient" as Lt applies to a UJT
by selecting the correct answer from a choice of four.
100% accuracy is required.

25.2.47.10 IDENTIFY the conditions necessary to maintain conduction of
a UJT by selecting the correct answer from a choice of four.
100% accuracy is required.

25.2.47.11 IDENTIFY the conditions necessary to stop conduction of a
UJT by selecting the correct answer from a choice of four.
100% accuracy.is required.

t.;%.

38



-A,

Overview Twenty Five-II

OVERVIEW
V

25.2.47.12 OBSERVE and RECORD normal waveforms from a UJT sawtooth gen-
erator circuit given a training device, a job program, proper

. tools, an oscilloscope, a signal generator, and applicable
schematic diagrams or technical manuals. Recorded data must
be within limits stated in job program.

25.2.47.13 OBSERVE and RECORD waveforms from a UJT multivibrator circuit
given a training device, proper tools, an oscilloscope, a
signal generator, a job program, and schematic diagrams or
technical manuals. Recorded data must be within limits stated
on the job program.

25.2.47.14 OBSERVE and RECORD normal waveforms from a UJT trigger circuit
given an applicable training device or circuit and the proper
tools, an oscilloscope, a signal generator, a job program, and
schematic diagrams or technical manuals. 100% accuracy is re-
quired.

25.2.47.15 LOCATE a faulty component in a SCR control circuit/UJT ramp
generator circuit by discriminating between normal and
abnormal waveforms froma prefaulted training device or cir-
cuit, and using the proper tools, an oscilloscope, a signal
generator and given a job program and schematics or technical
manuals. 100% accuracy is required.

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. .
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LIST OF STUDY RESOURCES
LESSON II

Unijunction Transistor Theory

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the follow-
ing study resources:

t;

Written Lesson presentation in

Module Booklet

Summary
Programmed Instruction
Narrative

Student's Guide:

Job Program Twenty Five-11-1 "Unijunction Transistor Sawtooth/Trigger
Generator"

Job Program Twenty Five-11-2 "UoIjunction Transistor Multivibrator"
Job Program Twenty Five 11-3 "UJT Ramp Generator and SCR Control

Circuit"
Progresi Check

Additional Material(s):

Audio/Visual Program Twenty Five-II "Introduction toUJT's"

Enrichment Material(s):

Basic Electronics, Vol. 1, NAVPERS 10087-C

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT.NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE. TAKEN AT ANY
TIME
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SUMMARY
LESSON .11

Unijunction. Transistor Theory

Twenty Five-11

The Unijunction Transistor is a solid state device used in switching and
timing circuits. Its physical appearance Is identical to a common tran-
sistor. .

UJT TRANSISTOR

A second base lead instead of a collector is the major difference between
a UJT and a'transistor. The schematic symbol for a UJT looks like this:

The lead with the arrow is the emitter; Base 1 (B1) is' the lead,to which
the emitter arrow points; the Base ,2 (B2) is the other lead. Base 2 can
be compared to the collector of a common transistor in that Base 2 is
usually where Vcc is applied.

Proper operation of a UJT depends upon proper bias. The UJT must have
a positive voltage level on Base 2 and a less positive voltage level on
Base 1.

al 48
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This type of voltage arrangement prepares the UJT for conduction. When
a positive voltage level large enough to forward bias the E-81 junction
appears on the emitter the .UJT conducts. Curr'ent flow is from 81 to
the emitter --,against thf arrow.

82+
--CURRENT FLOW

If there is no voltage on the emitter or if the voltage level is too low
then the E-81 junction is reverse biased and no current flows through the
E-81 junction. However; a small reverse current flows from the emitter
to 82 due to imperfections in the material.

REVERSE CURRENT.-- 82+

81

A UJT sawtooth generator produces a sawtooth waveform output due to the
charge and discharge of CI and the switching action of the UJT.

UJT
OUTPUT

In the UJT'multivibrator the combined switching.action of CR1 and the
UJT controls the charge and discharge of Cl and develops a square wave
output at 82 of Ql.

INPUT

CHARGE IN

. 42
4.9

OUTPUT
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A trigger circuit may be constructed by removing CR1 and RI from the
multivibrator circuit and placing a resistor between Bl and ground.
The output is taken from Bi of the UJT. The schematic diagram of a
typical UJT trigger circuit is:

I'Veg

C1 WAVEFORM

..,

Cr

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. I.F YOU

ANSWER ALL SELF-TEST ITEMS, CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE,
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. .

.
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PROGRAMMED INSTRUCTION
LESSON II

- Unijunction Transistor Theory

TEST FRAMES ARE 6 AND 13. AS BEFORE, GO TO TEST FRAME 6 ANO SEE IF YOU
CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN AFTER
THE TEST FRAME:

1.. The Unijunction Transistor is a solid state device used in switching,
pulse triggering, and multivibrator circuits. It has several advantages
over conventional transistors. It is very stable over a wide temperature
range and it reduces the number of circuit components needed when used in
place of conventional transistors.

Let's compare a transistor and a UJT.

Non-linear
(2) Two Resistance

unctions (1) One
\ Junction

. \

82

TRANSISTOR UJT

Linear
Resistance

1

Notice that in a block diagram configuration tha difference between a
transistor and a UJT are very apparent: .

4

. ,
1. Two junctions for the transistor; one for the UJT.

2'. The material between Base i and Base 2 of the 11.1T acts as a
resistor. The materials separating the emitter and collector
of the transistor do not.

. .

44
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In physical appearance however, the transistor and the UJT are identical.

I I 1

TRANSISTOR,

B1

UJT

B2

You can see that the tab on the case of both devices denotes the emitter.
The lead configuration is the same. If we move in a clockwise direction
from the emitter on ,the UJT, the first lead we encounter is Base 1; the
second lead is Base 2. This is another difference between a transistor
and a UJT.

Now, let's look at the schematic symbol of a UJT as compared to that of
a transistor.

TRANSISTOR UJT

Quite a bi: of difference here, isn't there?

You have a'ready learned which lead is which in the transistor symbol so
it will be easy to identify the UJT leads. The lead with the arrow is
the emitter. The lead to which the arrow points is Base 1. That leaves
one other 'ead Base 2.

142
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.

.- .

Label the leads of the UJT in each of the below Ilustrations:
. .

.

A. 1: Emitter 2. Base 1. 3. Base 2
B. 1. Emitter 2. Base 1 3. Base 2'

I. Alltypes of transistors or diodes need a certain.bias level to oper-
ate. The UJT is no different. Base 2 of a UJT mustbe connected to some
positive value. Base 1 must be at ground potential or some value
of voltage less than that on Base.2).

.

Is the UJT in the illustration below properly biased for correct operation?

yes

1' c.

AP
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3. Let's connect a known voltage to theALIT.

10VDC

.If we connect a voltmeter between the Base I and Base 2 leads we will read
the full.ten volts.

10v

However, if we could take a reading at some point between the two base
leads we would read a value less than ten volts.

a

a

The'area between theliase leads is acting like a resistor. At different
Points we read different voltage levels. This sequential rise in potential
is called a Voltage Gradient.

<1

O

The material between Base 1 and Base 2 of a UJI acts like a/an
and the differ4hoe in potential is called a/an

o. .1
47 "54
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resistor, voltage gradient lin that order)

4. The emitter of.the UJT acts like the wiper arm of a variable resistor.
Althuugh it does not physically move, it does feel the potential of the
voltage gradient opposite it.

in this case the emitter feels a positive 4 volts. The voltage level
the emitter feels is the conduction point voltage needed to turn on the
UJT. This turn on voltage is determined by the type of UJT and is
established at the time of construction.

What is the conduction point of the UJT illustrated below?

7 volts (6 1/2 - 7 1/2 acceptable)

5. You have seen how the bias voltage is developed between Base 1 and

Base 2. How let's see what happens when we apply a voltage to the emitter.

55

48



P.I. Twenty Five-II

If we apply a voltage level to the emitter that is greater than the differ-
ence of potential opposite the emitter-Base I junction, then the LIXT will
conduct heavily through the emitter-Base 1 junction.

If the voltage level on the emitter drops below the level of the potential
difference opposite the emitter, then the emitter-Base 1 junction acts
like an open circuit and no current flows.

1

REVERSE CURRENTs 10V

NO CURRENT

However, a small current will flow between the emitter-Base 2 junction.
This small amount of current is called reverse current. It is due to
imperfections in the material used in construction of the UST.

In order for the WI to conduct through the E-Bl junction the voltage
level on the emitter must be the voltage gradient at the
E-B1. junction.

a. less than
b. the same as
c. in phase with
d. greater than

d. greater than

.49 56
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6. TEST FRAME

!. Correctly label the leads of the UJT shown in the illustration
below.

2. Correctly label the leads of the UJT shown in the schematic diagram
below.

a

3. Indicate the proper forward biasing. voltages on. the UJT shown below
by placing a ( +) or (-) or (0) on the appropriate ,leads.

4. Define voltage gradient.

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.)

51

58
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1. a. mi ter, b. Base 1, c. Base 2
2. a. tter, b. Base 2, c. Basel
3. a. OV, b. +v c. -v
4. a voltage gradient is the sequential rise in voltage from Base 1

to Base 2 (or words to that effect).

IF YOUR ANSWERS MATCHTHE CORRECT ANSWERS, YOU MAY GO ON T TEST FRAME
13. ,OTHERWtSE GO BACK TO FRAME 1-AND TAKE THE PROGRAMMED AKUENCE BEFORE
TAKING TEST FRAME 6 AGAIN. -

7. Let's look at a UJT multivibrator. The normal solid state multivi-
brator looks' something like this.

A UJT multivibrator looks like this, notice the decrease in component
requirements.

59
52*
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Let's examine it's operation. You will see that it is much simpler than
, transistor multivibrators.

+VCC

Cl

TP'C"

UJT MULTIVIBRATOR,

TO Ti
.

T2
1

TO 72
a

TVA' T IrEr

WAVEFORMS

While Q1 is cut off, Cl charges through CR1 and R2. Cl tries to charge
to the value,of Vcc and a rising, positive voltage appears at the anode
of CR1. The anode or CR1 is the same electrical point as the emitter of
Ql.

The action of Cl charging to Vcc producei a voltage at the
emitter of Ql.

a. more negative
b. more positive
c. zero
d. +Vcc

b. more positive

53 60
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8. Let's say that Q1 is rated at + 10V.

by
TP

+Vcc

tov I

TleB" [

lov

TPV

TO TI

Twenty Five-11

TP"C"

At time TI, CI is charged to + 10V. The voltage level on QI's emitter
(also + 100 is sufficient to Cause Q1 to conduct from ground, through
the E-B1 junction, through R2 to + Vcc.

While Q1 was cut off (prior to T1) the voltage level at, test point "C"
was approximately Vcc. At T1, the voltage at test point "C" and test
point "B" dropped to near ground potential, almost instantaneously. This
sudden drop in voltage is caused by the conduction of (11. The signal at
test point "A" gradually drops to zero volts; capacitor C) is discharging
through' resistor RI since CR1 is reverse biased.

The voltage level at test point "C" is controlled by the

a. on/off state of Ql.
b. on/off state of CR1.
c. time constant of CI-RI.
d. time constant of QI-R3.

a, on/off state of Ql.

511 61
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9.

.

Twig"! tex-0. an P30

01 OFF 41 Off

TP
17-71 41 ON

TO
s-
T2

Twenty Five-11

.The sudden drop in voltage at test point "B" caused, by the conduction of
Q1 is felt by the anode of CR1. The near grAind potential at test point.
"B" causes CR1 to become reverse biased cutting it off. .CR1 opens the
circuit effectively isolating el from Vcc. Cl then discharges through RI.
This happens in the time span between T1 and 12. (See waveforms for test
points "A" and "B".)

,

At timer2 the voltage level at test point "A" reaches a,point low enough
to forward bias CR1. CR1 then conducts turning off Ql. CI stops dis-
charging and starts charging through CR1 and R2 once again.

Which component(s) controls) the duration of Q1's conduction?

a. R3

b. CR1

c. Cl, RI
d, R2. Ql

c. CI, RI

55 62
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10. If we change some components in the UJT multivibrator we can build
a trigger circuit. It's really quite simple and the UJT functions exactly
the same way.

+Ike

TWA" R2 R3

OUTPUT

C1 > TP*13.T
lw

t.,

CR1 and RI have been removed. has been added between Cl and QllsBase
1. Cl charges slowly through R2 to Ql's conduction point. When QI con-
ducts, Cl discharges quickly through R4 creating a spike or trigger pulse
on the output of Ql.

TP .414

.

Tp.le

"n T2
1

Which of the following determine(s) the frequency of the output spike?

a. R3

b. R1*, R3

c. Ql, R3
d. R2, Cl

---
d. R2, Cl

63
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11. Another circuit that uses a UJT is a sawtooth generator. An example
of a simple sawtooth generator is illustrated by the following schematic.

.4.

Cl charges slowly through the high resistance of Q1's E-B2 Junction
causing a positive voltage to develop on the emitter of Ql.

The current flowing through the E-B2 junction is called

.a. forward current.
b. holding current.
'c. peak current.
d. reverse current.

d. reverse current.

57 64
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121 When the rising positive voltage reaches Q1's conduction point the
E -B1 junction becomes forward biased placing a short circuit across Cl.
Cl then discharges quickly through Qii.s E-81 junction.

11

When Cl.discharges to a point low enough to reverse bias QI, 0.1 turns off
and Cl again starts to charge to Vcc. The cycle will repeat itself pro-
ducing this waveform at the emitter of Ql.

T126e

I , i I
T1 T2 T3 T4

SAWTOOTH WAVEFORM

The charge and discharge time of Cl is controlled by

a. the resistance of the E-B2 junction and the E -B1 junction.
b., the value of Vcc.

,

c.. the mismatch of components..
d. both b and c.

6. the resistance of the E-B2 junction and the E-B1 junction.

.1.

58 65
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13. TEST FRAME

Match the output waveform and the circuit name to the three schematic
diagrams illustrated below.

41ACC

INPUT

1.

CR1

Circuit Names

a. Sawtooth Generator
h. Squarit Wave generator
c. Trigger Zenerator

3. vcc
INPUT

2.

3.

T
91

WAVEFORM

Io

Vcc 7 a.

b.

c.

tlar..4orms

CIRCUIT NAME

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.)

59 66
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1. c,

2. b, .a
a, c

Twenty Five-II

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS.Y04 HAVE COMPLETED THE PRO-
MANED INSTRUCTION FOR LESSON II, MODULE TWENTY FIVE. OTHERWISE GO BACK
TO FRAME 7 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 13
AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSW7R ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE,NEXT LESSON.
IF YOk: INeORRECTLY A4SWER ONLY,, A FEW OF THE PROGRESS CHECK QUESTIONS ,

THE (..ORRECT ANSI,ER PAGE WILE REFER YOU TO THE APPROPRIATE PAGES,
PPRAGRONS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILEO TO UNDERSTAND ALL, OR MO*, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO /VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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Twenty Five-II

The Unijuectinq *ransistor (UJT) is a solid state devi6 used.in switchidg,
pulse triggering and multivibrator circuits. It has several advantages
over conventLrnal transistors: It is very stable over a wide temperature
range and allows a reduction of circuit components when used in place of
conventional transistors. Let's look at this womple of a multivibrator:

2
oulpuT

rin.firL
C5

5

TRANSISTOR MULTIVIBRATOR
1

Now look at the same circuit using a UJT.

+ Vc c

R2 R3
OUTPUT

UJT riUtTIVI ORATOR

61 .
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As you can see, the output of both multivibrators are the same; however,
the UJT circuit has fewer components than the transistor circuit. By

reducing the number of components we may. reduce cost, size, and probability
of circuit failures. This also means less troubleshooting for the tech-
nician.

Let's examine a UJT.

The UJT's physical appearance is identical to that of the common transis-
tor.

BI

82

TRANSISTOR UJT
I

Both have three leads and the same basic shape. The tab on the case de-
notes the emitter on both devices. However, moving cicTkwise from the
emitter of the UJT (bottom view) we find that Base I is the first lead,
and, instead of a collector, Base 2 is the second lead.

In block diagram form the differences in lead arrangeme t are even more
pronounced.

.

2 junctions

I junction

TRANSISTOR UJT

Unlike the transistor which has-two junctions, the UJT has only 'one.
The area between Base 1 and Base 2 acts like a resistor.

69

62
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Looking at the schematic symbol below, how do we know which base is number
1 and which number 2?

We know from transistor theory that
In a UJT the base lead to which the
That leaves one other lead which is

the lead with the arrow is the emitter.
emitter arrow points is Base 1.
Base 2.

Now that we know how the base leads are convected within the device, let's
see how it works. A conventional transistor needs a certain bias level
(voltage level) between the Emitter, Base and Collector before it Con-
ducts. The same holds true for a UJT. It needs a certain bias level
between the emitter and Base 1 and also between Base 1 and Base 2 for
proper conduction. Let's look at the normal bias arrangement.

132

+10V Vcc

In the above illustration we have placed a pOsitive 10 volts on Base 2 .

and a ground on Base 1. The area between Base 1 and Base 2 acts as a
resistor. If we were to take a reading between Base 1 and Base 2 we
would see the full 10 volts.

63 70
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Theoretically, if we could connect one meter lead to Base 1 and the other
lead to some point betw,en Base 1 and Base 2 we would read some voltage
less than 10 volts.

The voltage measurements would look like this depending on where the meter
is connected.

That. +10v- +10Vcc
+ 8v
+ ev
+ 4v
+ 2v
°v-a...

The sequential rise in voltageis called a Voltage Gradient.

The emitter of the OJT can be viewed as the wiper arm of a variable re-'
sistor. If the voltage level on the emitter is more positive than the
voltage gradient level at the emitter /base material contact point, then
the OJT is said to be forward biased. The OJT will conduct heavily
(almost a short circuii171:Fii7471 to the emitter. Re.amber . .

current flows against the arrow!

The emitter is, of course, fixed. The level of the voltage gradient
therefore depends upon:

1. the amount of Vcc, and
2. where the emitter is physically placed between Base I and Base 2.

(The manufacturer decides wherethe emitter is placed on the
base material.)

71
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At present there are more than forty distinct types of UJTs.

Assume the voltage level on the emitter is less positive than the voltage
gradient opposite the emitter. The UJT is then said to be reverse biased.
No current will flow from Base 1 to the emitter. However. a small cur-
rent will flow from the emitter to Base 2. This is calico reverse current
and is due to irperfections in the material used in the construction of
the UJT.

REVERSE
0
+3 Vee

CURRENT
11"-o+10Vcc

CURRENT FLOW IN A REVERSE BIASED UJT

Now, let's discuss a sawtooth generator circuit using a UJT.

UJT SAWTOOTH GENERATOR

In this circuit assume that the conduction point of the UJT with a Vcc
of 10 VDC will be 6 VDC. Capacitor Cl is charged slowly by the
small amount of reverse current leaking through the reverse biased E -
132. junction.

Output +6VDC-

65
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As the charge on Cl rises slowly through the high resistance of the E-B2
junction it eventually reaches the level needed to forward bias the E-B1
junction (+ 6 VDC).

+61/DC
Output ---7c

Cis DISCHARGE PATH

When the charge on Cl reaches the + 6 VDC conduction point of the UJT,
the UJT "turns on" creating a low resistance discharge path for Cl through
the now forward biased E - Bl junction. As Cl discharges, the voltage
level on the emitter drops to OV causing the UJT to again become reverse
biased and turn off. The cycle then starts all over.

The period of the waveform is determined by the resistance of the E-B2
junction and the capacitance of Cl. (The junction resistance can be
measured with a VOM.) The waveform produced looks like a sawtooth --
hence, thename sawtooth generator.

. ,

61/

Ov

SAWTOOTH GENERATOR OUTPUT

,

a

73
66



Narrative Twenty Five-II

We saw earlier in this lesson that the UJT can be used in several types
of circuits. Obviously, to explain them all would take too much time.
The two most commonly used UJT circuits are the sawtooth generator (which
has been discussed) and the multivibrator. Let's discuss the multivibra-
tor.

TP

TP-Br
V TIME-0-

11/
1

lihME

WAVEFORMS SHOWING
WHAT IS HAPPENING
DURING THE TIME Cl
IS CHARGING.

+Vcc

TP

C1

- -

UJT MULTIV1BRATOR

R3
Output
TP
0

In the circuit shown, capacitor Cl charges through CR1 and R2. While CR1

is conducting, Q1 is cut off due to the low voltage level on the emitter.

11 T1 2

UM'

. Tree s
R3

1

Trig. 1

+Vc c

TPtr

i C',1
1

i

o

o

[

,

1

a

1

TP"C"

At time Tl, Cl's charge (TP"A") becomes equal to the voltage level re-
quired to forward bias Ql. Ql then turns on causing the voltage level
at TP"B" to drop to near ground potential -- zero volts. TP"C" (the
output of the multivibrator) drops to near ground also.

67
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This action places a negative potential (in respect to Cl) on the anode
of CRl_and turns it off, opening the circuit. Cl is now isolated from Vcc.
by the open circuit caused by CR1's reverse biased state. CI discharges
through RI (between T1 and T2 on the illustration). When Cl's charge
(TP"A") reaches the same voltage level as the anode of CR1 (TP"B") turns
on again removing the forward bias from the emitter of Ql and cutting it
off. The output of the multivibrator (TP"C") rises to approximately the
.level of -4-Vcc. The cycle begins again. The alternate "on-off" state. of
Q1 produces a square wave signal on Base 2 of Q1 TP"C".

TPA'

TP-E1

TP-C-

T.1 T 2 T3

f

4

We can change the multivibrator to a trigger ciruit by removing CR1 and
RI and adding a resistor in series with Cl and.Base 1 of Ql.

LiZ
41041 WAVEFORM

The output is taken from Base 1 of the U.T. Cl charges slowly through
R2 until the voltage level on the emitter reaches QI's conduction point.
Ql then conducts and CI discharges quickly through R4 and Ql producing
a spike or trigger pulse. When Cl discharges to a level below Ql's
conduction' point Q1 turns off and the charge cycle starts again.

.1-
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS .CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGEWILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUOIO /VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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